Australia is a multicultural country with diversified ethnicities. The median price of established houses (unstratified) 
INTRODUCTION
This paper conducts a pilot study investigating the factors that contribute to the changes of house prices including ethnic profiles. Lately, dwelling prices in Sydney have been soaring rapidly. The median price of established houses (unstratified) reached $910,000 in December 2015 (ABS, 2015a) . However, the prices of some suburbs have increased more than prices of others. There are some public figures blaming new migrants for pushing up the prices. Australia is a multicultural country with diversified ethnicity and immigration consists of around 55 per cent of Australia's population growth. There were around 200,000 net overseas migrants per year for the period of 2009-10 to 2014-15 in Australia. Around 90 per cent of them settled in the main cities of NSW (31 per cent), VIC (27 per cent), QLD (17 per cent) and Western Australia (17 per cent).
In the year to 30 June 2016, Australia's population grew by 337,800 people (1.4 per cent) reaching 24.127 million. Net overseas migration accounted for 54 per cent of the total population growth (ABS, 2015b) . About 28.2 per cent (6.7 million) of Australia's estimated resident population were born overseas (ABS, 2015b) . People born in the United Kingdom was the largest group of overseas-born residents, accounting for 5.1% of Australia's total population, followed by New Zealand (2.6%), China (2.0%), India (1.8%), and the Philippines and Vietnam (both 1.0%) for the same period.
In Sydney, the majority are Caucasians (Australian, English, New Zealander, Italian, etc.). They live mostly along the coastline (e.g., Northern Beaches, the Eastern Suburbs, the Sutherland Shire) and far-western and Southwestern Sydney, as well as rural areas, which are relatively far away from city centre and transports. People of East and South East Asian origins are found to settle near train lines, in particular the Northern Line. A possible reason given is that Asians are more accustomed to highrise living and reliance on public transport (ABS, 2011) . In recent years, numerous high-rise buildings were developed at places such as Rhodes, where Asians may constitute the majority. The spread of people of sub-continental origin (Indian or Sinhalese origin) in Sydney appears restricted to Parramatta and Harris Park. The topic of this paper is how the changes in ethnicity affect housing values.
In order to answer this question, six suburbs with an ethnic majority originally from India, China or Australia was used as a pilot study. Hedonic regression analysis was applied for the analysis based on census 2001, 2006 and 2011 data. This paper discusses the ethnic changes in the demographic composition of selected Sydney's suburbs. The paper will start from investigating the shifts of ethnic changes in the suburbs of Sydney and then compare the main characteristics amongst the studied suburbs. The relationship between changes of ethnic profile and dwelling prices will be analysed.
THE SUBURB ETHNIC STRUCTURES
Immigration not only contributes to economic advance of a country but also changes its ethnic structure (Li, 2014) . In Australia, most immigrants have settled in major cities with substantial economic growth, which in Australia would include Sydney and Melbourne (Bourassa, 1994) . For the purpose of this study, for each ethnic group, two suburbs in Sydney were chosen to conduct the analysis of relationship between ethnicity and housing prices: Leichhardt and Manly for Caucasians, Epping and Rhodes for East Asians, and Parramatta and Westmead for the Sub-continental. Birthplace of origin is used to distinguish the ethnic groups. Table 1 depicts the ethnic structure of the six suburbs. In Parramatta and Westmead, the fact that population born overseas exceeded population born in Australia reflects cultural diversity in both suburbs. Parramatta is 23 kilometres west from the Sydney CBD. It is a major business and commercial centre, and the second largest CBD in the State of New South Wales with a population of 19,745 (ABS census, 2011) and many high-density commercial and residential developments. It has the highest unemployment rates of the studied suburbs at around 8 to 9 per cent, and the lowest weekly household income among the studied suburbs.
In Parramatta, the proportion of population born in India increased rapidly from 6 per cent in 2001 to 14.1 in 2006 and 21.5 in 2011. The India-born population in Westmead increased from 5.7 per cent of the suburb population to 16.3 per cent and 29.7 per cent in 2006 and 2011 respectively. Population born in mainland China in the two suburbs also increased. However, the rate of growth was not very high, with proportions of 9.4, 12.8 and 14.7 per cent in Parramatta and around 5 per cent in Westmead for each of the three censuses. During the same period, people born in the UK, New Zealand and Italy appeared to move out from the two suburbs gradually.
In the suburbs of Epping and Rhodes, the proportion of the population born in Mainland China is high and shows a growing tendency, with 4.5, 8.2 and 11.7 per cent increase respectively in , 2006 Rhodes has the smallest population among the studied suburbs with only around 5,500 people. The built environment of Rhodes has changed and many apartments have been built in the area recent years. Many Chinese are attracted to the suburb. The possible reasons include 1) the place is relatively close to CBD with good rail transportation; 2) a shopping centre with restaurants; and 3) green environment with water view. An obvious increase appeared from 2006 to 2011, when the proportion of people born in China rose from 4.7 per cent to 25.4 per cent.
Manly which tends to be favoured by the White is a beach-side suburb located 17 kilometres north of Sydney. The median house price in Manly is around $2.3 million in 2016, which is higher than Sydney's median house price of $910,000 (RPData, 2016) . Similarly, the average rental price per week is $1,037, much higher than Sydney average of $485 in February 2016. Leichhardt is a suburb in the Inner West of Sydney, located 5 kilometres west of the Sydney CBD. This suburb has a mix of residential and commercial developments and is best known as Sydney's "Little Italy". The statistics showed that the birthplaces of around 15 to 19 per cent of population in Manly, and around 13 to 14 per cent of population in Leichhardt were born in the UK, New Zealand or Italy. In particular, UK people are attracted to Manly, and made up 10.7, 12.5 and 14. With regards to the house prices, all studied suburbs showed similar trends (Refer to Figure 1 ). House prices in Rhodes soared strongly in 2013 with 41.3 per cent. The price continued to increase by 23 and 40.1 per cent in 2014 and 2015 respectively. The possible explanation was the inflow of capital from Mainland China. Epping is another area of soaring prices with 20.2, 32.2 and 16.7 per cent capital growth in 2013, 2014 and 2015 respectively. Epping has been popular among Chinese purchasers. The area is a transport hub accessible to the Northshore and Northern lines. The new northwest link is being developed to improve the accessibility to the northwest corridor. To accommodate the changes, lands around the train stations have been rezoned to medium and high densities. The expectation on future growth could be one of the reasons for the continuing price increase.
Parramatta, located west of Sydney, is the second largest business centre after Sydney CBD. The job opportunities attract population to the suburb thus raise the demand for housing. Constant house price growth since 2011 indicates a continuing trend, with 32.2 and 24.7 per cent increase respectively in 2014 and 2015. In Manly and Leichhardt, the median house capital growth was relatively steady. In 2014 and 2015 the increase reached 25.7 and 12.4 per cent in Manly; and 13.2 and 13 per cent in Leichhardt. A correlation analysis will be conducted to assess whether there is a link between the increase of ethnic groups and capital growth in the suburbs. Transaction (House NO)  59  38  62  25  40  37  147  129  149  6  5  11  42  37  43  98  127 Transaction (Unit NO)  393  217  770  85  126  319  105  80  220  3  84  604  199  188  363  37  83  81 Median ( Median household weekly income $900 $1,022 $1,314 $900 $1,064 $1,475 $1,100 $1,432 $1,683 $1,100 $1,565 $1,617 $1,100 $1,591 $2,084 $1,100 $1,516 $1,924
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RECENT LITERATURE ON ETHNICITY AND HOUSE PRICES
Ethnic residential segregation describes the spatial separation of population groups into distinctive residential areas over time (Dunn, et al., 2007) . The causes of segregation were identified as neighbourhood disinvestment (Gibson, 2007) , real estate discrimination (King and Mieszkowski, 1973) , socioeconomic status, spatial assimilation and immigration (Iceland, et al., 2010) . Two main theories proposed by Peach (2006) and Boal (1999) were assimilation and multiculturalism on the spatial patterning of ethnic minority immigrant groups alongside that of their host society. Multiculturalism implies that the ethnic minority group members wish to retain their cultural identity and social separateness; whereas assimilation involves gradual removal of economic, cultural and social differences and leads to a reduction and eventual ending of spatial separateness (Johnston, et al., 2007) . Relocation, poverty, different quality of education, health issues, behavioural effects, and unequal living standards are the effects of the segregation.
Neighborhood disinvestment is a systematic withdrawal of capital and neglect of public services, such as schools, street and park maintenance, garbage collection and transportation, by the city (Gibson, 2007) . By using census data, oral histories, archival documents and newspaper accounts, Gibson analysed residential segregation and neighbourhood disinvestment over a 60-year period from 1940 to 2000 for the black community in the USA. Gibson painted a picture of a cycle of neighbourhood disinvestment followed by gentrification and dislocation of minorities that has made it difficult for African Americans to establish themselves, build equity, and try to break out into suburban neighbourhoods. Minority groups were forced to disinvestment because of absentee landlordism and mortgage redlining and live in areas with overcrowded and volatile environment (Iceland, et al., 2010) .
Prejudice and discrimination also shape ethnicity patterns. Discrimination involves members of minority groups being denied access to particular areas (Johnston, et al., 2007) . The earlier literature focused on effects of racial discrimination on the housing market and homeownership and mixed results were produced from the studies. King and Mieszkowski (1973) studied over 200 rental units in the New Haven, Connecticut using multiple regression analysis. They found evidences of racial discrimination as blacks and whites paid different amounts for equivalent units. For black female and male-headed households the mark-up relative to white males was 16 percent and 7.5 percent respectively. In addition, rents for whites in boundary areas were about 7 percent lower than for black households in these areas. Long and Caudill (1992) and Harris (1999) found that homes in black neighbourhoods are substantially cheaper than comparable homes in white areas; whereas a study by Coates and Vanderhoff (1993) found that homes owned by blacks did not show significantly different appreciation rates than those owned by whites using nationwide sample of AHS for the period of [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] . Despite some declines in discrimination in recent years, Ross and Turner (2005) and Squires, et al. (2006) found that minority neighbourhoods still play central roles in shaping the residential patterns of various ethnic groups in the US.
Disparities in rates at which different racial groups accumulate wealth can be caused by different price-appreciation rates across neighbourhoods of different racial composition. Lower-priced and older homes in the urban centre of Bellingham, Washington experienced higher appreciation than homes more peripheral over the period 1984 to 1994 (Smersh, et al., 1996) . Li and Rosenblatt (1997) found that price appreciation in older and less expensive neighbourhoods was higher in three California areas over the period 1990 to 1994. Kim (2000) presented empirical evidence that price appreciation in all-minority neighbourhoods were 3.5 per cent lower than all-white neighbourhoods in Milwaukee for the period 1971 to 1993. Macpherson and Sirmans (2001) examined house price changes and racial/ethnic composition at certain counties in Tampa and Orlando in Florida based on repeat-sales transactions between 1971 and 1997. The variables of African American population, household and economic factors were included in their modelling. They found that the level of and the proportionate change of the African American population had no effects on either Tampa or Oriando areas' prices. However, the level of Hispanic population had a positive effect on Tampa and Orlando housing price. The proportion change of the Hispanic population has a positive relation with Tampa's price and a negative relation with Orlando's price.
Differences in socioeconomic status, spatial assimilation and immigration produce patterns of segregation (Massey, 1985; Iceland, et al., 2010) . Lieberson, (1961) suggested that the segregation of ethnic groups declines as their length of residence increases as results of spatial assimilation.
Research (Clark, 2007; Fischer, et al., 2004) provided evidences that people of different socioeconomic status are segregated from one another, since minority members may not be able to afford to live the same neighbourhoods as others. Acculturation, i.e., the gradual acquisition of the language, norms and values of the host community (Gordon, 1964) , is another mechanism that bring about the dispersion of ethnic groups. The new immigrants like to stay in the community with their language and cultural background. The more the immigrants integrate with the host community, the less their need to live in proximity to their own group, and they tend to move into a qualitatively better neighbourhood when their socioeconomic status has been improved (Bolt, et al. 2008 ).
The issue of ethnic segregation on neighbourhood house prices has attracted attentions by a number of authors as immigration changes ethnic landscapes (Li, 2014) . House prices are determined by demand for and supply of houses. Increased house prices for a suburb could be led by increasing numbers of immigrants and changes of ethnic profile. Wong (2013) estimated people's taste for living with own-ethnic-group neighbours in Singapore. She found some evidences of price dispersion across ethnic groups. Recently Li (2014) studied ethnic diversity and neighbourhood house prices in Vancouver Canada. He developed a general equilibrium model using a dataset of housing transactions and neighbourhood socio-economic characteristics. His analysis suggested that neighbourhoods with more homogeneous minority populations command higher prices.
On the other hand, the effects of immigration on house prices are sometimes arguable. Sá (2014) presented evidence of a negative effect on house prices in the UK due to the mobility response of the native population. People who are at the top of the wage distribution move to more affluent areas, being replaced by immigrants with lower education and less well paid jobs. House prices were pushed down because of a negative income effect on housing demand. Similar result was found in Canada by Akbari and Aydede (2012) . They applied an econometric analysis based on panel data at census division levels from the 1996, 2001 and 2006 population censuses and found a small effect of immigration on prices of privately owned dwellings. The causes include the increasing supply of housing and the native born families moving out from the areas where new immigrants settle down. Results of their research differed from those of Ley and Tutchener (2001) , who used simple correlation and factor analysis and suggested that immigration had a strong effect on house prices in Toronto and Vancouver during the period of 1971 to 1996. Their results are also different from those of Saiz (2007) who examined the impact of immigration on housing rents and values in US cities.
Saiz ' (2007) empirical analysis used data for US metropolitan areas for the period 1983-1997. Assuming possible simultaneity between immigration and housing rents, he used the instrumental variable method to estimate the models of housing rents and housing price (the instruments include changes in the characteristics of the immigrants' countries of origin, changes in the national levels of immigration, and the distribution of immigrants in earlier periods). The results suggest that there was a positive relationship between immigration and housing rents and values (when inflow of immigration reach a proportion of 1% of a city's population, a 1% increase in average housing rents and values can be found) for the period. Jeanty, Partridge & Irwin (2010) argued that identifying the interaction between migration and housing prices can be complicated by their simultaneous and spatially interdependent relationship. They investigated the relationship by estimating a spatial simultaneous equations model using Michigan census tract-level data. The empirical results suggest that migration can result in an increase in housing prices.
Chen, Guo & Wu (2011) examined the impacts of rural-urban migration and urbanization on China's housing price using panel data of 29 provinces for the period 1995-2005. They argued that as a result of the unique household registration system, the internal migration in China is divided into two categories: official migration with the transfer of household registration and unofficial migration without the transfer of household registration. The state-supported urban affordable housing is not available for the migrants without the transfer of household registration (who are often referred to as a floating population). They found that urbanization and unofficial migration had different effects on housing price in developed coastal provinces and less-developed inland provinces. In coastal provinces, unofficial migration had no significant effect on housing price while the urbanization level had a negative and statistically significant effect on housing price. In inland provinces, unofficial migration and the urbanization level had a positive and statistically significant effect on housing price. They argued that the different effects of urbanization and unofficial migration on housing price could be explained by different housing prices and different thresholds of obtaining official urban household registration in different regions.
van der Vlist, Czamanski & Folmer (2011) examined the effect of immigration on housing price in Haifa (Israel). As a result of Israel's fairly loose immigration policy, there was a large inflow of immigrants during the 1990s in Haifa. They estimated an autoregressive distributed model of housing price using panel data of 34 tracts for the period 1989-1999. The spatial spill-over effects and the effect of the government mortgage programme were taken into account in the model. They found a co-integrating relationship between housing price and population. Population had a positive and statistically significant effect on housing price. They also found that over 70 per cent of the gap between the current price and its fundamental value was filled within one year. They argued that because the planning application system was relatively efficient in Israel and there were many national programmes implemented to promote housing construction, housing supply was able to respond quickly to demand shocks. Gonzalez & Ortega (2013) examined the impacts of immigration on housing price and housing stock in Spain using panel data of 50 provinces for the period 2000-2010. The change in housing price, or the change in housing stock, could be explained as a function of the change in working-age population, which was largely driven by immigration in the sample year, and a vector of control variables, which included one-year lag of housing price or quantities, the employment-to-population ratio and regional dummies. Since housing price and migration decision tend to be simultaneously determined, they used two variables to represent the change in working-age population: an "ethnic networks" variable based on the settlement patterns of earlier immigrants, and a "gateways" variable based on the geographical accessibility of each province with respect to immigrants' countries of origin. They argued that the use of the "gateways" variable is justified by the fact that immigrants from some main source countries have only entered Spain in recent years. They found that the estimates of the coefficients on the change in working-age population obtained when using the instrumental variable approach were almost twice the magnitude of the corresponding OLS estimates. Immigration resulted in a sizable increase in both housing price and the housing stock.
The story seems different in Australia. Unlike literature (Gibson, 2007; Iceland, et al., 2010) in Portland, there is not an evidence of neighbourhood disinvestment in Australia. The discrimination in the US (Ross and Turner, 2005; Squires, et al., 2006) is on a totally different scale to what there is in Australia. In addition, the assumption that minorities (Clark, 2007; Fischer, et al., 2004) Studies on the ethnic residential segregation have been increasingly attractive. Johnston, et al. (2007) compared the levels of ethnic residential segregation across five English-speaking countries; namely, Australia, Canada, New Zealand, the UK and the US using censuses data from 2000 to 2001, and found that common factors influencing segregation levels in all five countries were the size of the group being considered as a percentage of the urban total and less segregation in Australia and New Zealand than in other three countries. Their findings are confirmed with the research by Poulsen and Johnston (2000) and Burnley, et al. (1997) that Australian cities do not have immigrant ghettos in the same way than American cities.
The housing price is derived from the supply and demand function under an equilibrium assumption (DiPasquale & Wheaton, 1994) . The determinants of demand for housing can be summarized from the literature review as demographic factors, housing-related elements (Megbolugbe & Cho, 1993) , and macroeconomic variables. The inflow of an immigrant group can lead to local population growth, which in turn can increase the demand for housing in a particular city. The equilibrium housing market may be distorted and housing prices rise given the shortage of housing supply in the shortterm. However, immigration may also be related to native out-migration, or to wages and income decline, which in turn can reduce the demand for housing in a particular city (Sá, 2014) . In the longterm, housing prices may adjust to the equilibrium position. Unfortunately, the relationship between ethnicity and house price appreciation is not extensively studied in Australia. One of the few studies was conducted by Bourassa (1994) , who compared the housing tenure choices of the Australian-born population with those of 10 major immigrant groups using data from 'Housing and Location Choice Survey' conducted in 1991 in Sydney and Melbourne for the Australian government's National Housing Strategy in Sydney and Melbourne. By controlling differences in the economic and demographic characteristics relevant to the tenure decision, he found that immigrants' tenure choice behaviour is the same as that of Australian-born residents. The recent work done by Hu and Lee (2016) on cultural distance and housing prices in Australian housing market found a negative relationship between selling price and buyer's cultural distance to the neighbourhood. Home buyers are willing to pay a premium for homes in locations consistent with homebuyers' preference for similar cultures.
METHODOLOGY AND DATA
Ghetto models have been used to study the ethnic residential segregation, but Poulsen and Johnston (2000) suggested that they are not applicable in Australia. Regression models and graphic analysis (Johnston, et al., 2007) were also commonly employed for the study. The hedonic methodology to regress housing prices on measures of ethnic composition has been commonly applied in the literature either using cross-sectional data (Coulson and Bond, 1990; Bajari & Kahn, 2005 and Fu, 2005) or panel data (Macpherson and Sirmans, 2001; Clapp et al., 2008 and Saiz & Wachter, 2011) .
The hedonic models (Rosen, 1974) are reduced form statistical models that seek to trace out, at a point in time, the locus of equilibrium transactions prices as a function of the characteristics of the heterogeneous real estate transacted (Geoghegan, 1997) . The approach is a widely used technique of analysing the value that is associated to each of the attributes. One of the merits of the hedonic models is the ability to control for housing quality, i.e., combine attributes of demand or supply side observations and capture the weight of each attributes reflecting purchaser preference at a neighbourhood level (Tse, 2002) . Rosen (1974) discussed an identification problem using hedonic model since the differential equation defining property prices is nonlinear and it may not be possible to find closed solutions. Thus a great deal of structure must be imposed and partial differential equations must be solved when there is more than one characteristic.
An issue with hedonic models is their potential to produce biased estimation when the functional form is not specified correctly or when all relevant hedonic characteristics are not included, or the parameters have changed over time (Case and Wachter, 2005) . Repeat sales method has been used to address such problems. However, McMillen (2008) found that the use of repeat sales suffers from a lack of control of various attributes over time and from a lack of sufficient observations. Some studies adopted hybrid models combining attributes of both repeat sales and hedonic models (Quigley, 1995; Shiller, 1993 The transaction prices were collected from RPData for three census years. The RPData records property address, type of property (house or unit), transaction price, date of transaction, and property structural feature such as number of bedrooms, bathrooms and car spaces. Most of land sizes of houses are recorded; however, most of unit sizes were not recorded, or only total size of unit/apartment block is recorded. Though houses can be measured by per square meter to show characteristic of interest, the unit/apartment price per square meter is difficult to obtain, so the logarithm of property transaction prices are used as a proxy measurement of property size. Table 3 shows the data of houses and units collected for this study.
This paper focuses on the effects of ethnic changes on house prices using a hedonic pricing model (Rosen, 1974) . The functional form in a hedonic equation for this study is deriving from a reducedform equation (Case & Mayer, 1996; Reichert, 1990) , which is derived from the supply and demand functions of housing and then inverted under an equilibrium assumption (Equation 1).
, , (t = 1, 2, 3, …n) ( 1) where P t is the price of housing, i.e., detached houses and units/apartments/flats sold during period t as dependent variable. Q d represents a set of factors that contribute to the aggregate quantity demanded of housing during period t and Qs represents the aggregate quantity of supply during period t. Where , ,
(t = 1, 2, 3, …n)
(2) and
Real estate is a complicated good with many dimensions that affect housing demands. Differences in selling prices of houses will be dictated by a number of factors, including the quality of the housing structure physical amenities on the property, neighbourhood characteristics or social environment, the accessibility to the central business district, as well as the environmental amenities associated with the property (Geoghegan, et al., 1997) .
A matrix of housing structure and physical amenities on property, represented by Xit,; a matrix of social environment, denotes by Yit, (Refer to equation 2), and a matrix of supply elements, denoted by Zit (Refer to Equation 3) are included in the estimation.
The first matrix (Xit) consists of dwelling physical feature, such as number of bedrooms, is included in the estimation. It is assumed that the more bedrooms and bathrooms a house has, the higher the value of the house. As suggested by Kain and Quigley (1970) that physical elements of property are important for households. The numbers of bedroom and bathrooms are converted to logarithm in order to address nonlinear problem.
Since the movement of house prices are affected by local environment as properties are location specific (Macpherson and Sirmans, 2001) , the distance of the suburb to Sydney CBD, whether the suburb has rail connection, shopping centre, and proximity to ocean view are also included in the estimation. Those location and accessibility factors affect property values as evidenced by many previous studies such as Giuliano and Agarwal (2010) and Ge & Lai (2016) . Environmental factors like ocean views attract households' interests (Benson, et al., 1998; Fraser and Spencer, 1998) . The direct distance measured by kilometre from property suburbs to CBD is used. The kilometre distances are also taken logarithm in the estimation. "Dummy" variables that take the value of '1' or '0' are used to represent whether there are or are not rail stations, shopping centres, schools and/or ocean views. The information about rail was sourced from Sydney train website, whereas other variables were collected from google map.
In addition, whether it is a detach house or an apartment/unit are considered in the estimation. A house is usually a single title built on a piece of land that is different from apartments and units, which are strata title properties sharing a piece of land. Thus, houses are usually expected to have higher value than apartments and units/flats because of scarcity of land, when other factors are equal. To reflect this impact, a 'property type' is included in the estimation that is measured by using '1' and '0' to represent houses and units/apartments/flats.
The second matrix (Yit) includes social environment factors such as crime rate and racial segregation (Fu, 2005) where dwelling location also contributes to dwelling value. Putnam (2000) suggested that local social environment focus on the consequences of social interactions among urban populations that can be estimated by educational performance, crime rate, and other measures of neighbourhood quality of life at the community level. To measure the likely ethnic strength and concentration, especially in the first generation of immigrants, birthplace, parental birthplaces and religious data can be useful. Thus, the proportion of people born in Australia, India, China, the UK, New Zealand and Italy, as well as English proficiency are used to measure the cultural diversities and ethnicity.
Following demographic variables are used to measure the suburb profile and local social environment at the suburb level:  population  median age;  average household size;  median household weekly income;  unemployment rate;  median weekly rent;  median household monthly loan repayments;  number of people that has university or technical or equivalent education; and  number of crimes in the suburb.
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Clapp (1994) tested the effect of economic changes on house prices and found that Property prices are positively correlated with population growth, households' incomes and negatively correlated to unemployment rate.
Crime affects residential stability of neighbourhoods and impacts on housing values. Boggessa, et al., (2013) found that both higher vacancy rates and higher levels of crime in the previous year related to higher rates of housing transactions. A negative impact on property prices is expected when crime rate is high.
Most of variables are sourced from the census data from Australian Bureau of Statistics and converted to logarithms. Some variables are measured by percentage, such as unemployment rate and percentage of ethnic group in the studied suburbs. The crime numbers were sourced from the NSW Bureau of Crime Statistics and Research and taken logarithm for the estimation. Appendix 1 describes the data sets collected and Table 4 defines the variables and their sources included in this study.
The third matrix (Zit) consists of housing supply factors. In this study, houses and apartment/units available in each of the studied suburbs are used as proxy of housing supply.
The reduced-form equation can be solved by using a statistical model as indicated in Equation 4.
The β0 is the vector of constant term and βi1, βi2 and βi3 are matrices of the corresponding parameters. is a suburb fixed effect, representing physical amenities that serve at least at the suburb level. Some factors that affect dwelling price may not be measurable and ε represents the error term in the equation.
To overcome the nonlinear issue, the logarithm is used for measuring sale transaction prices and the studied independent variables. Table 4 indicates the measurements and source of the variables used to derive the statistical models. The steps of conducting the research include: a) identifying and collecting physical and social variables that may impact on property prices in accordance with literature; b) analysing the collected data. All collected data was subject to stationarity check, Granger causality test, and examination of correlation of dependent and explanatory variables in order to develop statistical significant models; c) applying the hedonic model using SPSS to generate statistical results; and d) interpreting the results against statistical criteria and analysing the implications.
The developed models are assessed by the coefficient of determination, R 2 , and coefficient of determination adjusted for degrees of freedom, Adjusted-R 2 . The developed models are also verified by a model that used the total data sets of all the six studied suburbs. Since the data included three census periods, time variables, are included to reflect the changed economic and other conditions over the time periods. In addition, whether the demands for housing are affected by the changing economic environments of their original countries is considered. Percent Gross Domestic Product of countries of origins for the three census years is also included in the verified model. The verification is to check whether the results of the all data model produce consistent results with the three individually derived models. Next section discusses the results of the derived models. 
FINDINGS AND DISCUSSIONS
This paper investigates the effects of ethnic changes on dwelling prices in the demographic composition of selected Sydney's suburbs. Six suburbs, i.e., Epping, Leichhardt, Manly, Parramatta, Rhodes and Westmead, which represent the main Australian ethnic groups, have been selected for this pilot study. The results were derived using an hedonic model and reduced form statistical methods (Geoghegan, et al., 1997 Before the models were derived, all collected data were subjected to stationarity and Granger causality checks. The correlations of dwelling prices and explanatory variables were also tested as shown in Appendix 2. The test results show that dwelling prices were positively correlated (significant at the 0.01 level) include variables of bedrooms, bathrooms, type of properties, ocean views, household income, rent, age and people born in Australia, UK, NZ Italy; as well as non-English speakers. The results are consistent for all three census years.
Dwelling prices were negatively correlated (significant at the 0.01 level) that are variables such as crime rate, unemployment rate and distance to CBD, rail and shop accessibility. The variables birth in India and China also indicate negative correlations to dwelling prices for all the three studied years. Interestingly, birth overseas, UK, NZ and white were negatively correlated to the property prices in 2001 but shown positive correlations in years of 2006 and 2011. After the data analysis, three statistical significant models were derived based on the collected data sets of the six suburbs for , 2006 Table 5 
Effects of physical factors on property prices
The statistical results show that physical characteristics of dwellings were the major determinants of sale transaction prices identified in all three models. The variables of bedrooms and bathrooms and property type (house or unit/apartment/flat) are correlated positively with property prices. The physical features of dwellings are important factors (See also Kain and Quigley, 1970; Follain and Jimenez, 1985) for home buyers. Given all else being equal, newer, larger homes with more bedrooms, bathrooms, car spaces, as well as better position prospects usually have higher prices. On average, the transaction sale prices of houses are around 7.5 to 8.4 per cent higher than units/apartments/flats. (Benson, et al., 1998) . Fraser and Spencer (1998) studied the value of an ocean view for coastal housing subdivision in Western Australia using a modified method of hedonic property amenity valuation. They found positive results. The statistical results suggest that dwelling prices for the suburbs proximate to ocean are expected to be 17.1 per cent higher than the suburbs located inland. This result explains why dwelling prices in Manly, the only beachside suburb of northern Sydney facing Tasman Sea, were higher than other studied suburbs. The variables of 'shop' and 'rail' were not found statistical significant in the derived models. The impacts of shop or rail on property prices are not focused in this paper.
Effects of social and ethnicity factors on property prices
The statistical results show that household income is one of the main contributors of house prices in 2006 and 2011 models, different from the 2001 model, in which the variable of household income is not statistically significant. The higher the household income, the more their demand for housing. Given the inelasticity of housing supply, dwelling price increases are no surprise. The variables of rent, mortgage and unemployment rate are also not statistically significance in the derived models.
An interesting result is that the effect of ethnic diversity on housing price is negative, particularly in suburbs with large populations born in India. The empirical evidence indicates that price appreciation in the suburbs settled by India-born people were 2.7 per cent lower than the ones by the white neighbourhoods in Sydney in 2001. This result is similar to the findings by Kim (2000) that implies that ethnic groups may make a difference on house value. People prefer to live in a community by the same cultural background (Fu, 2005) . Ethnic factors didn't show statistically significance in the 2006 model.
The variable born-in-India population was again found statistically significant in the 2011 model, but the impact on dwelling price is very limited. The results imply that home buyers prefer locations with greater cultural similarity, which supports Hu and Lee (2016) . The variables of born-in-UK, born-inItaly, born-in-New Zealand and born-in-Mainland China were not found statistically significant in the developed models. Another cultural variable: English proficiency was also not found statistically significant in the derived models. The reasons may be that income, which is significant, depends very much on English proficiency. Households with higher income may be willing to pay higher prices for locations with similar cultural background (Hu and Lee, 2016) . However, for households in the lower income quartile, other factors such as property characteristics, location and schools could be ranked before the ethnicity elements in their consideration of properties.
Model verification
To verify the developed models, a new model is developed using all collected data, i.e., total of 5,001 data sets, from the three census years. Three additional data sets were included to the model development. First, the total numbers of people born overseas were added. Second, time variables are included in the estimation in order to catch the changes of house prices over time. Third, GDPs percentage changes in the country of origin of ethnic groups, i.e., India, China, Italy, the UK and New Zealand are also included in the model development. This assumes that economic conditions in a country may impact on immigration. More households are able to move to Australia, in particular to Sydney, when a country's economy is stronger. Based on Equation 4, a revised statistic model is stated below (Refer to Equation 5).
where The derived statistically significant model, which is listed in the last column of Table 5 , shows consistent results with the other three developed models. The model suggests that property physical factors, i.e., bedrooms and bathrooms are still the main contributors of property prices. Again, proximity to ocean is also statistically significant and the results are consistent with the derived models. It shows that when allowances have been made for all other variables, such as number of rooms and views, houses are still 9.8 per cent more expensive. The attribute of household incomes played a significant role on price appreciation. With regards to the ethnic factors, the model suggests that there was 1.5 per cent increase of property prices with one per cent increase in the number of people born overseas. The empirical evidence indicates that price appreciation in the suburbs settled by India-and UK born people were 0.9 and 0.3 per cent lower than other studied neighbourhoods in Sydney.
The results again demonstrate that house prices are mainly affected by the demand for and supply of houses in the market places (DiPasquale & Wheaton, 1994) . Ethnicity residential segregation is not obvious in Australia. Recently, more and more Asian migrants have been attracted to Australia, while there are positive benefits to Australia of economic linkages to some of the world's largest markets in eastern Asia. According to demographic statistics summarised by CIA (2017), the ethnic groups consist of English (25.9%), Australian (25.4%), Irish (7.5%), Scottish (6.4%), Italian (3.3%), German (3.2%), Chinese (3.1%), Indian and Greek (1.4%) and other 17% including aboriginal (0.5%) in 2017. Though the ethnic groups from Asia are relatively small, different from the findings of Johnston, et al (2007) , the growing immigrants with different ethnicity have been tolerated by the wider Australian society. The Australian equity and human right policies also contribute to less discrimination, so that minority ethnic group households feel free to purchase dwellings in any state and suburb in Australia. The minimal impacts of ethnicity on house prices thus can be explained. In addition, the results from this study do not support the ideas that different price-appreciation rates cross neighbourhoods are caused by the different racial composition (Smersh, et al. and 1996; Kim, 2000) . It might be some unexplained disparities in property market growth rates among the studies suburbs (Refer to Figure  1 ). However, the property physical attributes and natural environment (such as views) have shown as the main factors that contribute these disparities.
CONCLUSION
This paper has developed three hedonic models for the purpose of analysing the effects of ethnicity on house prices. Six suburbs that contain large White, Indian or Chinese minority groups have been investigated for the research. The pilot study has provided little evidences of any impact of ethnicity on house price movements, though the variable born-in-India population was found statistically significant in the 2001, 2011 and all-data models. It can be concluded that the impact of ethnic segregation on neighbourhood house prices (Gibson, 2007) is not significant in Sydney. This finding supports Poulsen and Johnston (2000) and Burnley, et al. (1997) who claimed Australian cities do not have immigrant ghettos in the same way that American cities have. The main drivers of house prices are the dwellings' physical characteristics and household income. The locality factor such as proximity to ocean also plays an important role. The ethnic factors do not contribute greatly on the changes of house prices in Sydney. This implies that households with different ethnic groups are not isolated. There was no obvious segregation neighbourhood disinvestment (Gibson, 2007) and real estate discrimination (King and Mieszkowski, 1973) found in Australia. The result also demonstrates a successful immigration policy and programs to accommodate immigrants from different ethnic backgrounds in Australia.
The study adds to the growing literature on the ethnicity effects on dwelling prices and is important for understanding whether some of the clusters of ethnic concentration or segregation affect property markets. If there are negative effects, the self-esteem of the minority population could be damaged. If there are positive effects, the higher property prices could lead to affordability issues. Thus, an implication is that policy makers can attract different ethnic groups and encourage communities with different ethnic background when they formulate housing and planning policies. Many policies around the world have been designed to encourage ethnic desegregation in housing markets. In Australia, the Department of Urban Affairs and Planning have developed a new state environmental planning policy that will enshrine 'inclusionary zoning' provisions allowing planning authorities to require the inclusion of affordable housing units in new housing developments. The effects are to create household diversity of socio-economic, structure, age and potentially also ethnicity. Government policies could also be made to influence and attract new immigrants to ethnically mixed suburbs.
